Aims. Our aim is to investigate the nature of the X-Ray Flash (XRF) of August 24, 2005. Methods. We present comprehensive photometric R-band observations of the fading optical afterglow of XRF 050824, from 11 minutes to 104 days after the burst. In addition we present observations taken during the first day in the BRIK bands and two epochs of spectroscopy. We also analyse available X-ray data. Results. The R-band lightcurve of the afterglow resembles the lightcurves of long duration Gamma-Ray Bursts (GRBs), i.e., a power-law, albeit with a rather shallow slope of α = 0.6 (F ν ∝ t −α ). Our late R-band images reveal the host galaxy. The rest-frame B-band luminosity is ∼ 0.5 L * . The star-formation rate as determined from the [O II] emission line is ∼ 1.8 M ⊙ yr −1 . When accounting for the host contribution, the slope is α = 0.65 ± 0.01 and a break in the lightcurve is suggested. A potential lightcurve bump at 2 weeks can be interpreted as a supernova only if this is a supernova with a fast rise and a fast decay. However, the overall fit still shows excess scatter in the lightcurve in the form of wiggles and bumps. The flat lightcurves in the optical and X-rays could be explained by a continuous energy injection scenario, with an on-axis viewing angle and a wide jet opening angle (θ j > ∼ 10 • ). If the energy injections are episodic this could potentially help explain the bumps and wiggles. Spectroscopy of the afterglow gives a redshift of z = 0.828 ± 0.005 from both absorption and emission lines. The spectral energy distribution (SED) of the afterglow has a power-law (F ν ∝ ν −β ) shape with slope β = 0.56 ± 0.04. This can be compared to the X-ray spectral index which is β X = 1.0 ± 0.1. The curvature of the SED constrains the dust reddening towards the burst to A v < 0.5 mag. 
INTRODUCTION
X-Ray Flashes (XRFs) are similar to Gamma-Ray Bursts (GRBs), but with most of the fluence of the prompt emission detected in the X-ray band. Their existence as a class was suggested by Heise et al. (2001) based on data from the BeppoSAX satellite.
The high energy spectra (νF ν ) of the prompt emission from GRBs are well described by the so-called Band function (Band et al., 1993) , which is composed of two smoothly connected power-laws. The energy at which the two power-laws connect, E peak , is where most of the energy is emitted. For classical GRBs, E peak is typically a few 100 keV (Preece et al., 2000) . The spectra of the prompt emission of XRFs are also well fitted by the Band function, but with values of E peak below 50 keV and in some cases even below 10 keV (Kippen et al., 2003; Barraud et al., 2003) . Sakamoto et al. (2005) argue, in accordance with previous studies, that the spectral distributions of XRFs, X-ray Rich GRBs and GRBs form a continuum, suggesting that they all arise from the same phenomenon (see also Barraud et al., 2003 Barraud et al., , 2005 . There has also been growing evidence that (at least some) XRFs are the result of classical GRBs seen offaxis (Yamazaki et al., 2002 (Yamazaki et al., , 2003 Rhoads, 2003; Fynbo et al., 2004; Granot et al., 2005) .
Other suggestions include XRFs as either dirty fireballs, which are relativistic jets with a larger baryon load and hence (assuming external shocks) lower Γ-factors than those of classical GRBs (Dermer et al., 1999; Heise et al., 2001) , or XRFs as clean fireballs where (assuming internal shocks) the spread in Γ-factors is small but the average Γ-factor is large (Barraud et al., 2005) .
However, there are still open questions regarding the origin of XRFs. While the connection between long GRBs and certain core-collapse supernovae appears to be well established Matheson et al., 2003; Zeh et al., 2004) , the case has not been as well defined for XRFs. Fynbo et al. (2004) performed the first comprehensive observational campaign of an XRF optical afterglow, for XRF 030723 (see also Butler et al., 2005) . The well sampled lightcurve for XRF 030723 displayed several interesting features:
(i) The very early lightcurve was essentially flat, in accordance with models for which XRFs are viewed away from the jet axis.
(ii) The following power-law decay was very similar to that seen in typical GRBs, suggesting a common origin.
(iii) At ∼ 16 days past burst a strong bump in the lightcurve suggested the presence of a fast rising supernova. The supernova interpretation was argued to be consistent with the spectral energy distribution (SED) evolution and was later supported by modeling both of the afterglow (Granot et al., 2005) and of the supernova (Tominaga et al., 2004) .
More evidence has now been presented arguing for a common origin for GRBs and XRFs. XRF 020903 had a late lightcurve and spectrum consistent with a supernova at z = 0.25 (Soderberg et al., 2005; Bersier et al., 2006) . More recently, the nearby (z = 0.0331, Wiersema et al., 2007) and unusual burst, XRF 060218, with a very low E peak ∼ 5 keV (Campana et al., 2006) showed unambiguous evidence for an associated supernova (e.g., Sollerman et al., 2006; Modjaz et al., 2006; Pian et al., 2006) . SN 2006aj associated with XRF 060218 clearly established the close link between SNe, (GRBs) and XRFs.
However, other XRFs with late time coverage did apparently not show any clear evidence for a supernova bump (Soderberg et al., 2005; Levan et al., 2005) . This could point to a difference in the origin of XRFs and the long GRBs with accompanying SNe (but see the recent paper by Fynbo et al., 2006 , for GRBs with no associated supernova emission), although any such claim has to await observations of XRFs with a better determined distance scale. Most of the XRFs claimed to lack SNe in the above-mentioned studies had no measured redshifts.
We here present data for XRF 050824 for which we have obtained a well monitored optical lightcurve and a secure spectroscopic redshift.
XRF 050824
XRF 050824 was detected by the BAT instrument on-board the Swift satellite (Campana et al., 2005a) on August 24.9669 2005 UT (Universal Time is used throughout the article). The burst duration (T 90 ) was 25 s, i.e., this was a long-duration burst. The total fluence in the 15-150 keV band was ∼2.3×10 −7 ergs cm −2 (Krimm et al., 2005) . The burst was also detected by the FREGATE instrument onboard HETE-2 (Crew et al., 2005) . As seen by HETE-2 the value of the fluence ratio S(2−30)/S(30−400)= 2.7. Crew et al. (2005) estimated E peak < 12.7 keV. GRB 050824 is thus clearly an XRF.
The BAT on-board localization was reported to an accuracy of 3 arcminutes. Early ROTSE-III data did not detect any new object (Schaefer et al., 2005) , but our observations starting 38 minutes after the trigger revealed a new object at R.A. = 00:48:56.1, Dec = +22:36:32 (J2000, see Sect. 3.1), which we later confirmed as the counterpart (Gorosabel et al., 2005) .
In this paper we focus on our comprehensive optical study of this afterglow. The article is organized as follows. Sect. 2 outlines how the optical observations were obtained and reduced. The results are presented in Sect. 3, which includes the astrometry, the optical lightcurve, the spectral energy distribution, the spectroscopic results, data on the host galaxy and an analysis of available X-ray data of the afterglow. Finally, we end the paper with a discussion (Sect. 4) and some conclusions (Sect. 5).
OBSERVATIONS

Photometry
Our very first observations of XRF 050824 were obtained with the BOOTES-1B 30 cm robotic telescope (e.g., Castro-Tirado et al., 2004) in southern Spain, which detected the burst from 10.6 minutes after the high energy event in several R-band exposures. However, since these images were not processed until later, the actual discovery was instead made via the studies we initiated 38 minutes after the burst (Gorosabel et al., 2005) using the 1.5 meter telescope at the Observatorio de Sierra Nevada (OSN) We conducted a comprehensive study of the optical afterglow over the following 100 days using several telescopes and instruments. In Table 1 we summarize the telescopes and instruments used and provide details on the field-of-view (FOV) and pixel scale of these instruments.
We used the ESO/Danish 1.54 m telescope (D1.5m) on La Silla equipped with the DFOSC instrument, the 2.56 m Nordic Optical Telescope (NOT) on La Palma equipped with ALFOSC and STANCAM. We also used the 1.3 m MDM telescope (in August 2005) and the 2.4 m MDM telescope (in September), the Crimean Astrophysical Observatory (CrAO) 2.6 m telescope and the 1.5 m telescope at the Maidanak observatory.
Late observations were also obtained at the ESO New Technology Telescope (NTT) at La Silla and at the Very Large Telescope (VLT) on Paranal, Chile. A single epoch near infrared (near-IR) Ks image was obtained using the VLT/ISAAC instrument.
The full journal of observations is given in Table 2 . The data were reduced using standard techniques for de-biasing and flat-fielding.
Spectroscopy
Spectra of the source were obtained with the VLT at two epochs. A 2 × 1500 s spectrum was obtained on August 25.4, about 0.4 days past the burst, when the afterglow had a magnitude of R≈ 20.7. We used the FORS2 spectrograph with a 300V grism, the GG375 order separation filter and a 1.0 arcsec wide slit providing a dispersion of 13.3 Å over the spectral region from 3800 Å to 8900 Å.
The following night, on August 26.3, when the afterglow had faded by one magnitude, we obtained another spectrum of 6 × 1500 s exposure time. The instrumental setup was identical to that used on the first night.
We extracted the spectrum using standard procedures within IRAF. Wavelength calibration was obtained using images of HeNeAr lamps obtained as part of the morning calibrations. Flux calibration was performed using spectra of the spectrophotometric standard star G138-31 (Oke 1990 ).
RESULTS
Astrometry
We ′′ systematic error of the USNO-A2.0 catalogue (Assafin et al., 2001; Deutsch, 1999) .
The Lightcurve
The photometry of the XRF was carried out using either PSF fitting photometry (when the afterglow was bright) or aperture photometry (at later times when the host started to contribute significantly). We measured the magnitudes of the optical afterglow as well as 4 stars in the field. The relative magnitudes were transformed to the standard system using observations of photometric standard stars (Landolt, 1992) . The local standard stars are marked in Fig. 1 , and their magnitudes are given in Table 3 . The zeropoint uncertainties are of the order of 0.03 mag.
In Fig. 2 we have plotted the R-band lightcurve ranging from 11 minutes to 104 days after the XRF. This includes the early detections from the BOOTES telescope (open circles). The best fit power-law has a slope of α R = 0.59 ± 0.01 (F ν ∝ t −α ) and is also indicated in the figure.
The I-band lightcurve follows the R-band very well during the first day when we have observations in both bands. The slope is consistent with the R-band lightcurve (α I = 0.51±0.06, whereas α R = 0.57 ± 0.03 for the same period).
Spectral Energy Distribution
The multiband observations of XRF 050824 allowed us to construct the spectral energy distribution (SED) of the burst at an epoch of ∼ 0.4 days.
The result is presented in Fig. 3 where we have converted the B, R, I and K band magnitudes into AB magnitudes. The optical and near-IR magnitudes were corrected for Galactic reddening of E(B − V) = 0.035 mag (Schlegel et al., 1998) and transformed to flux densities using the conversion factors given by Fukugita et al. (1995) and Allen (2000), respectively. Given that the multiband observations were not all performed at the same epoch, their corresponding fluxes were rescaled using the best fit power law.
A power-law fit in the form F ν ∝ ν −β provides a tolerable fit for the SED. The spectral index is β = 0.56 ± 0.04, assuming negligible extinction.
Unfortunately, with the available data we cannot say much about the extinction. The SMC, LMC or Milky Way extinction laws give equally good fits to the data (Fig. 3) . Fixing the redshift at z = 0.83 (see Sect. 3.4), a free fit with an intrinsic power-law shape of the SED and an SMC like extinction curve from Pei (1992) implies an extinction of A V = 0.4 ± 0.2 mag. However, this would give an unrealistically flat β ∼ 0 spectrum. Given the sparse dataset the only thing we can firmly conclude is that A V is less than 0.5 mag. A low value of the global extinction is also implied by the blue color of the host galaxy (Sect. 3.5).
The Spectra
The combined flux-calibrated spectrum is also included in Fig. 3 . The slope is consistent with the contemporary photometry.
We determined the redshift from the first night's spectrum Table 4 . The redshift is z = 0.828 ± 0.005. Note that the fluxes given in Table 4 are not corrected for Galactic or host galaxy extinction. The uncertainties in absolute line fluxes can be up to 30%.
Using a cosmology where H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.7 and Ω m = 0.3, this redshift corresponds to a luminosity distance of 5.24 Gpc. This distance will be used hereafter.
The Host Galaxy
Our late R-band image from December 7, 2005, 104 days past explosion, shows an extended source with magnitude R = 23.70 ± 0.15 at the position of the afterglow. This is the host galaxy of XRF 050824. An image obtained under very good seeing conditions at VLT in October 2005 is shown in Fig. 5 . Note that all late observations (past 35 days) are consistent with this being the host, with little contribution from the afterglow (or a supernova).
The host magnitude is 23.6 when corrected for a Galactic extinction of E(B − V) = 0.035 mag. At the redshift of this galaxy the R band corresponds to the rest frame U band. However, comparison of the absolute luminosity with other galaxies is often made in the rest frame B band. To do so we need to make some assumption about the color of the host. Here we note that the BVR magnitudes from our latest VLT data, when the host is clearly dominating the emission, are very similar to the magnitudes of the host of GRB 000210 (Gorosabel et al., 2003) at a similar redshift.
We therefore conclude that the absolute luminosity of the XRF 050824 host is very similar to the one determined by Gorosabel et al. (2003) 
The host is extended with a size of roughly 0.8 arcsec, which at a distance of 5.24 Gpc corresponds to a linear scale of ∼ 6 kpc. Finally, from the [O II] lines we can estimate the star formation rate (SFR). The flux of this line, corrected for Galactic extinction, corresponds to a SFR of 1.8 M ⊙ yr −1 , following Kennicutt (1998) .
In fact, using the extinction corrected value for the flux of Hβ, and assuming a case B recombination ratio for Hα versus Hβ, we can also use this line to estimate that the SFR is 1.8 M ⊙ yr −1 , again following Kennicutt (1998) . As usual, any slit-losses would increase this number. We note that the consistency of the Hα and [O II] predictions of the SFR also supports the notion of low extinction in the host galaxy.
This SFR compares rather well with the estimate for the host of GRB 000210 mentioned above, which has similar properties and an estimated SFR from the UV light of 2.1 ± 0.2 M ⊙ yr −1 (Gorosabel et al., 2003) . The specific star formation rate for the host galaxy of XRF 050824 is thus only
. This is rather low, but not exceptional, and falls well within the population of small star-forming blue galaxies as shown in Fig. 2 of Sollerman et al. (2005) , (see also Christensen et al., 2004) .
Finally, we can estimate the metallicity of the galaxy using the R23 technique (Pagel, 1979) . Using the results presented in Table 4 and applying E(B − V) = 0.035 mag, we derive log(R 23 )=1.0. This is quite high, and indicates a metallicity (just) below solar (see e.g., Fig. 5 by Kewley & Dopita, 2002) . However, the small number of emission lines in the analysis makes this estimate rather uncertain.
The star formation rate and size thus indicates a fairly normal galaxy, similar to other GRB host galaxies (e.g., Le Floc'h et al., 2003; Christensen et al., 2004; Sollerman et al., 2005) . The metallicity confirms the trend that GRB host galaxies have sub-solar metallicities. The luminosity is not particularly low compared to other GRB hosts, but is similar to the host of XRF 050416A (Soderberg et al., 2006) .
The X-rays
Swift-XRT did not observe the burst immediately due to a lunar constraint and the XRT began observations about 6000 s after the burst trigger (Campana et al., 2005b) . We have analysed the standard processed XRT data starting at 0.4 days after the burst using version 2.3 of the Swift software. Background-subtracted spectra and lightcurves were extracted in a standard way with circular source and background extraction apertures of 30 ′′ and 60
′′ radius for the PC-mode data. Data from the WT-mode were not used because they added very little signal.
The combined spectrum was fit with a single absorbed power-law with absorption at the Galactic level (N H = 3.62 × 10 20 cm −2 , Dickey & Lockman, 1990) and gave an acceptable fit (χ 2 = 43.7 for 40 degrees of freedom). Adding an absorber at the redshift of the host galaxy gives a better fit (χ 2 = 30.4 for 39 degrees of freedom) with an equivalent hydrogen column density of N H = 1.8 +0.7 −0.6 ×10 21 cm −2 and a power-law photon in-dex β X = 1.0 ± 0.1. The absorption model has abundance ratios fixed at solar values. The soft X-ray absorption is dominated by α-chain elements and is therefore a measure of the metal absorption and is regardless of whether the elements are in the gas or solid phase (see Watson et al., 2006; Turnshek et al., 2003) . The flux decay of the afterglow followed a single powerlaw with decay index, α X = 0.75 ± 0.04, with the fit being marginally acceptable (χ 2 = 24.8 for 16 degrees of freedom, null hypothesis probability = 0.07). This decay rate is somewhat faster than the average slope seen in the optical lightcurve (albeit there could be a break in the optical light curve, see Sect. 4.2.2). Note, however, that the X-ray data are not very constraining at the later phases.
DISCUSSION
Absorption line redshift
As noted in Sect. 3.4 the spectra also include absorption lines from Mg II. These lines are seen at both epochs, but are most clearly detected in the first epoch, which has the best signal-tonoise ratio. The lines are displayed in Fig. 4 , and the redshift is consistent with the estimate from the emission lines.
That the redshift can be determined from both emission lines and absorption lines is of some importance. The distance scale of the XRFs has only recently been shown to be cosmological. The first spectroscopic redshift of z = 0.25 for XRF 020903 (Soderberg et al., 2005) was based on emission lines only. In principle, a single case could be affected by a superposed and unrelated galaxy, but now XRF 050416A also has a measured emission line redshift (z = 0.65, Cenko et al., 2005; Soderberg et al., 2006) as has GRB/XRF 030528 (z = 0.78, Rau et al., 2005) .
The GRB 030429 studied by Jakobsson et al. (2004) also displayed absorption lines. It showed an E peak of 35 keV at a redshift of z = 2.66, and is thus a borderline case, consistent with an X-ray Rich burst. More recently, the rather unusual XRF 060218 had a secure redshift from both emission lines and absorption lines (z = 0.033, Wiersema et al., 2007; Pian et al., 2006) . These findings, together with the robust redshift determination for the rather normal XRF 050824, have therefore proven the cosmological distance scale for these objects beyond doubt.
The Lightcurve of the Afterglow
Our R-band lightcurve of XRF 050824 is one of the best sampled optical lightcurves for an XRF. The most conspicuous aspect of this lightcurve is that it is basically consistent with a power-law for the entire duration (Fig. 2) . The best fit power law α = 0.6 is quite a slow decay.
The Early Times
One of the more interesting aspects of the lightcurve is that it declines steadily from very early on. This is in stark contrast to the lightcurve of XRF 030723 (Fig. 6) , which apparently had a constant lightcurve for the first day after the burst.
The flat early part of the lightcurve of XRF 030723 was interpreted in terms of geometry , where an off-axis orientation can make an increasingly large fraction of the jet visible and thus maintain a constant (or even brightening) lightcurve (Granot et al., 2005) . We see no evidence for this in XRF 050824. It's early lightcurve is consistent with the same decay seen throughout the lightcurve. This can thus be seen as evidence for an on-axis burst, which would mean that a geometrical interpretation does not explain the difference between XRFs and GRBs in all cases (see also Soderberg et al., 2006) .
A Break and a Bump in the Lightcurve
At first glance the R-band lightcurve shown in Fig. 2 appears consistent with a single power-law decline throughout the entire afterglow. However, since the final points are due to the host galaxy, the data do suggest a break in the lightcurve. As mentioned in Sect. 3.5 the host is extended, so most of the light at these epochs is indeed from the galaxy. This means that the single power law must be broken at an early time, or the later points would have been much brighter. The break in the lightcurve also means that an extra component is needed to explain the excess light at 10 − 20 days past the burst.
We embarked on simultaneously fitting two power-laws and a stretchable SN 1998bw template, in accordance with the method outlined by Zeh et al. (2004) . Fixing the host galaxy magnitude, we were able to constrain a shallow break in the lightcurve to occur at ∼ 0.5 days past burst (Fig. 6 ). This could be a cooling break. The required supernova is rather unusual. In the notation of Zeh et al. (2004) this is a supernova with k= 1.05 ± 0.42 and s= 0.52 ± 0.14. This is a bright and fast lightcurve and is different from the lightcurve of the canonical SN 1998bw, which is often associated with long GRBs, but is similar to, although brighter than, the supernova associated with XRF 060218.
The actual peak luminosity of the potential supernova is, however, highly uncertain. If there is internal extinction in the host galaxy the corresponding supernova would have to be brighter, but our SED analysis shows that this can not be a very large effect. This is also supported by the rather blue color of the host galaxy, and by the deduced balmer line ratios. A larger uncertainty arises from the assumptions on the contribution from the afterglow. With SN 1998bw ejecting ∼ 0.5 M ⊙ of 56 Ni (e.g., Woosley et al., 1999; Sollerman et al., 2000) , we can estimate that a supernova associated with XRF 050824 would have had to eject at least on the order of 0.6 ± 0.3 M ⊙ of 56 Ni. This is assuming that the peak brightness scales with nickelmass.
Wiggles, bumps, humps and jitter
In fact, the fit to the lightcurve is not very satisfactory even after invoking a break and a hypothetical supernova bump. This is seen in Fig. 6 , where the reduced χ 2 is 1.8. The entire lightcurve of XRF 050824 displays wiggles and humps throughout the time of the observations. The largest deviations are from a sys-tematic dip in the NOT data relative to the overall fit just before 0.1 days, and an increase in the scatter from 2 -5 days. These deviations cannot be satisfactorily fitted by a broken power-law scheme that is supposed to model a simple impulsive shock or jet.
Another example is at 0.2 -0.5 days past the burst when we have a well monitored lightcurve, in particular from the MDM. This is shown in the inset in Fig. 2 . A linear decay is not a formally good fit to these data. There appear to be wiggles around the steady linear decline. Since most of these observations were obtained at the same telescope, and have been reduced in the same way against the same local standards, we do not believe this is purely an instrumental effect. Although the statistical significance is rather low in our lightcurve, we note that similar jittering has been observed previously in GRBs, both in long GRBs (e.g., Gorosabel et al., 2006; Matheson et al., 2003) and in short GRBs (Hjorth et al., 2007) , and can be interpreted in terms of variations in the surrounding circumburst medium or as due to prolonged activity of the central engine. Similar explanations can thus be put forward also for this XRF.
Continuous energy injection
Prolonged central engine activity with multiple energy injections could thus be the explanation for the deviations from a perfect power-law (Björnsson et al., 2004) . Prolonged activity in terms of continuous energy injection could also explain the slow decline rates in both optical (α R = 0.65 when corrected for host galaxy contribution) and in X-rays (α X = 0.75). In Fig. 7 we show an example of a model for the afterglow emission in the X-ray and the R band for continuous energy injection. This model is detailed below.
We have modeled the afterglow in terms of a long-term continual energy injection in the forward shock. We consider an uniform relativistic jet undergoing the energy injection from the central source and sweeping up its surrounding uniform medium. The dynamical evolution of the outflow is calculated using the formulae in Huang et al. (2000) and adding an energy injection process with the form dE inj /dt = A(t/t 0 ) −q for t 0 < t < t end . The fractions of shock energy given to the electrons ǫ e and to the magnetic field ǫ B are assumed to be constant.
The model fits shown in Fig. 7 have the following jet parameters: the isotropic kinetic energy E k = 10 52 erg, ǫ e = 0.4, ǫ B = 0.003, the circumburst density n = 0.1 cm −3 , the electron index p = 2.05, the half-opening angle θ j = 0.2, and the viewing angle θ obs =0 (i.e., on-beam viewing), together with the energy injection parameters: A = 3 × 10 49 erg/s, q = 0.8, t 0 = 100 s, and t end = 2 × 10 6 s. This rather large amount of ejected energy is needed to explain the long and shallow decline; the amount is similar to that found for GRB 050315 (Zhang et al., 2006) . Since there is no proper jet break until possibly after a week, the constraint on the jet opening angle of θ j > ∼ 10
• is quite robust. We did not attempt to fit the very early lightcurve. At these phases it is likely that a reverse shock component is required.
We note again the late re-brightening. At such a late time, the ejecta is only moderately relativistic. The patchy jet model may be unable to account for these variabilities (Kumar & Piran, 2000) , which may instead be attributed to the re-activity of the central engine (e.g., Fan et al., 2005) , or, as mentioned above, to a supernova (Sect. 4.2.2).
Amati relation
Several XRFs have been shown to follow the same relation as GRBs, that E peak ∝ E 1/2 iso (Amati et al., 2002) , where E iso is the isotropic-equivalent radiated energy. For XRF 050824, we can not determine a precise total energy due to the lack of knowledge concerning the peak energy of the BAT spectrum. However, we can calculate lower and upper limits by integrating the best fit power law spectral energy distributions in the (15 − 150) × (1 + z) keV band and in the the full 1 − 10 4 keV band. We obtained 4.1 × 10 50 erg < E iso < 3.4 × 10 51 erg, which when using the Amati relation, would provide a constraint on the observed peak energy 11 keV < E obs peak < 32 keV. This is thus only just in agreement with that from the spectral fitting, E obs peak < 13 keV.
Besides this event, the Amati relation is also applicable to XRFs 020903 and possibly 030723 (Lamb, Donaghy & Graziani, 2005) , XRF 050416A and XRF 050406 (Schady et al., 2006) . (See also Amati et al., 2006; Ghisellini et al., 2006, for XRF 060218.) That this relation holds for both XRFs and classical GRBs not only implies that both classes of bursts can be on-axis events (Amati et al., 2006) but also supports the idea that both can be interpreted under a unified physical mechanism.
CONCLUSIONS
We have seen that the afterglows of XRFs can appear quite different. The early flat optical lightcurve of XRF 030723 was consistent with predictions of an off-axis burst Granot et al., 2005) . On the contrary, XRF 050824 displays an optical lightcurve which is decaying at a fairly constant, but slow, rate from 10 minutes after the burst. Our afterglow model indicates this to be an on-axis burst. We have also found some evidence for a bump in the lightcurve, which is consistent with a supernova as fast as that associated with XRF 060218, i.e, considerably faster than the SN 1998bw lightcurve.
Most well observed XRFs with a redshift where a supernova could be expected to emerge do show some evidence for this. This is similar to the case for ordinary long GRBs (Zeh et al., 2004) . A common origin for XRFs and GRBs is therefore likely but there also seems to be several parameters affecting the observables of the burst. In the context of the four-field diagram presented by Sollerman et al. (2006) , XRF 050824 should be in the same category as XRF 020903 and XRF 030723; XRFs with an associated supernova but where the optical light is dominated by the afterglow at early phases.
The mounting evidence for supernovae in GRBs and XRFs also shows that there is a large variety in supernova properties (Woosley & Bloom, 2006) . The emergence of super-7 novae much fainter Sollerman et al., 2006) and much faster (this work) than the canonical SN 1998bw put constraints on the underlying explosion model. Recently, Fynbo et al. (2006) also reported two GRBs where no supernova emission is seen, down to 100 times fainter than SN 1998bw. It is still not clear whether we see two (or more) fundamentally different explosion mechanisms, or if there is a very wide continuum of properties for these blasts. 
Fig. 1.
The 156×156 arcsec 2 field around the position of XRF 050824 in a D1.5m R-band image taken 6 hr after the burst. East is to the left and North is up. The position of the afterglow is marked with an arrow and the four local calibration stars are marked with capital letters. 
Fig. 4.
Emission lines from the VLT spectra and overplotted Gaussian fits. We refer to Table 4 The R-band magnitudes for XRF 050824 corrected for Galactic extinction and for the contribution from the host galaxy (black, filled dots). The (red) line is our fit to these data, following Zeh et al. (2004) . There is a shallow break, from α=0.6 to 0.8 at ∼ 0.5 days. The best fit supernova has k= 1.05 ± 0.42 and s= 0.52 ± 0.14 -a bright and fast lightcurve. The (blue) open dots are the observations of XRF 030723 . These are just as observed, i.e., no assumption has been made about the redshift of that burst, although we have corrected for Galactic extinction of E(B − V) = 0.03 mag. We note the flatter early lightcurve for XRF 030723, the steeper late decay and the conspicuous supernova bump at 20 days past burst. 
